As an aid in designing and evaluating questionnaires for assessment of betacarotene intake, the previously published nutrient sources list for vitamin A (1) has been recalculated for provitamin A carotenoids. Provitamin A carotenoids, comprised chiefly of beta-carotene, alpha-carotene, and cryptoxanthin, represent the largest single group of carotenoids in plasma, approximately 40 percent of total carotenoids (2) . Beta-carotene represents approximately 65 percent of the provitamin A group. Other major carotenoids in plasma include lutein and lycopene, each of which is as abundant or more abundant than beta-carotene. Although they have antioxidant activity, they are not converted to vitamin A.
MATERIALS AND METHODS
These data, like those of the earlier publication, are based on data from the Second National Health and Nutrition Examination Survey (NHANES II), conducted in 1976-1980. Details of the methods used in that survey, and of the procedures for estimation of the principal food sources, have been published elsewhere (1, 3, 4) . Briefly, NHANES II was a representative sample of the United States population. For these analyses, the sample was limited to adults aged 19-74 years, and sample weights were used to adjust for oversampling and nonresponse. Dietary data were collected by means of a 24-hour dietary recall. All foods reported were combined into 147 non-overlapping food items. For example, the 11 NHANES II codes for green beans were combined into a single item, "green beans." These items were then ranked in terms of their contribution to the population's intake of total vitamin A.
To estimate contributions of provitamin A, the following assumptions were made.
The vitamin A in fruits, vegetables, grains, nuts, and seeds was assumed to come entirely from provitamin A. For tomatoes and tomato products, recent data (5) indicate that the predominant carotenoid is lycopene, and that the provitamin A content of tomatoes is lower than the values in the United States Department of Agriculture (USDA) data used by NHANESII. For these calculations, the provitamin A content of tomatoes shown in the earlier lists was multiplied by 0.52 to correspond more closely with recent data (5) .
For mixed dishes, recipes were obtained from USDA, and the proportion of vitamin A provided by animal versus vegetable sources was determined. If the vegetable source was tomatoes, that fraction was then multiplied by 0.52. Dairy sources have been shown to contain some provitamin A, and the following proportions of provitamin A as a fraction of total vitamin A were used: cheese, mixed dishes with cheese, whole milk, ice cream, 0.27; 2 percent milk, 0.11; butter, 0.13; and margarine, 0.16 (G. Beecher, USDA, personal communication, 1987). Table 1 shows the top 35 sources of provitamin A, primarily beta-carotene, representing foods providing almost 90 percent of total intake. Many of the top contributors are familiar, such as carrots and dark green leafy vegetables. However, several of the top 10 sources of provitamin A are foods that are often not included on diet questionnaires designed to assess beta-carotene. They include vegetable soups, mixed vegetables, and beef stew, all important chiefly because of the carrots they contain, and green salad and orange juice, important not so much because they are rich sources, but because they are consumed frequently or in large quantities. Dairy products are also unexpected sources, contributing approximately 7 percent of the total.
RESULTS
Conversely, many foods that are sometimes included on questionnaires designed to assess beta-carotene intake appear to be (1) . Beta-carotene is the most abundant provitamin A carotenoid. Some foods were adjusted by the following factors to account for newer carotenoid data: tomatoes, 0.52; catsup, 0.52; spaghetti with tomato sauce, 75% of vitamin A is from carotenoids, but only 0.52 of that is provitamin A; pizza, 40% of vitamin A is from carotenoids, but only 0.52 of that is provitamin A; whole milk, cheese, ice cream, mixed dishes with cheese, 0.27; 2% milk, 0.11; butter, 0.13; margarine; 0.16. If original NHANES II values for tomatoes were used, tomatoes, spaghetti, and catsup would have approximately double their current values.
t Cantaloupe appears lower on the list than in the original list (1), because this list corrects an error in the NHANES II data tapes in which cantaloupe portion sizes were twice as large as they should have been.
very minor sources. Papayas, chili peppers, plums, avocados, okra, green peppers, brussels sprouts, cherries, grapes, strawberries, pineapple, cauliflower, berries, and raisins each contribute 0.1 percent or less, and together contribute only approximately 0.5 percent of the total intake.
DISCUSSION
These rankings were reached with the use of NHANES II data collected 1976-1980 and based on USDA nutrient content data tapes updated through 1980. Some changes have occurred since then. Some patterns of population intake may have changed somewhat. With the increase in salad bars and the increasing public interest in beta-carotene, it is possible that carrots, salad, broccoli, and perhaps some fruits such as cantaloupe or peaches have become more important. Since they were already important contributors, minor rearrangements would be of trivial significance. At the other end of the scale, even if consumption of the minor sources such as brussels sprouts had doubled, they would still not be important sources.
Information about vitamin A content of some foods has changed somewhat since 1980. A comparison of the values used in NHANES II with those published in the revised Agricultural Handbook 8 (6) suggests that again the overall rankings are not much affected. The estimate of vitamin A in carrots increased notably, from 10,500 IU to 24,554 IU, but carrots and the mixed dishes containing them are already in the top 10 sources of provitamin A. On the other hand, the value for greens changed very little, while peaches dropped from 1,300 IU to 535 IU. A similar exercise should be conducted when the Third National Health and Nutrition Examination Survey (NHANES III) data become available. However, it is unlikely that there will be major changes in the foods that constitute the top 90 percent of intake, although rearrangements may occur.
Romieu et al. (7) conducted a similar analysis to identify important carotene sources among respondents to a dietary questionnaire. Many of the items identified as important appear on both lists, although the carotene sources identified by Romieu et al. are constrained to the items on their questionnaire, whereas the list presented here is based on all foods volunteered in the 24-hour recall. Byers et al. (8) demonstrated that with a well-chosen list, 15-20 foods were adequate to rank individuals with regard to vitamin A intake. Although they used a regression method to identify the foods, it has been shown that there is almost complete overlap in a list of the top 20 foods chosen by the contribution-to-variance method and the population-contribution method. Byers et al. also showed that omission of important foods from the top of the list had a much more serious deleterious effect on the correct classification of respondents' intake than omission of foods lower on the list. Lists that omit vegetable soups, orange juice, beef stew, and mixed vegetables may rank people incorrectly. Furthermore, it would appear that the inclusion of some dairy products and margarine may be of more value than the inclusion of long lists of fruits that are eaten infrequently and in small quantities.
Some studies designed to assess betacarotene have used food lists that lacked one-third to one-half of the top 15 sources. Conversely, some studies (e.g., references 9, 10) have included numerous fruits and vegetables whose total combined contribution may be less than 1 percent of total intake, such as papayas, cherries, berries, pineapple, strawberries, plums, grapes, okra, brussels sprouts, and avocado. Regardless of their nutrient density, such foods are typically eaten so infrequently or in such small quantities as to be unimportant to usual intake. Okra and brussels sprouts, for example, were only eaten by 0.4 percent of the population, and are unlikely to be important contributors to usual intake of any nutrient. It is important to consider that the presence of unimportant nutrient sources on a questionnaire may contribute to increased misclassification rather than increased precision. Recalculations of some risk estimates, omitting unimportant items, might produce different results and perhaps stronger risk estimates because of lower misclassification. Of course, it is possible that certain foods may be more important in specific subpopulations. However, for many foods eaten infrequently or in very small amounts, even in the subpopulation their importance should be carefully examined.
Omission of nutrients obtained from vitamin supplements may have been an important source of misclassification for vitamins C and E but, until recently, not for beta-carotene. However, in recent years, beta-carotene fortification and supplementation have become increasingly common. Accordingly, in future studies, it will also be essential to ask about consumption of supplemental beta-carotene.
